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(54) Optica) communication system 

(57) An optica! transmission system is disclosed, in 
which the transmission of the optical soliton pulses is 
controlled by controlling the wavelength dispersion 
of the optical fiber transmission line for each long 
section including a plurality of optical amplifier 
repeaters. In this case, the first sections having an 
average value of the wavelength dispersion larger 
than the dispersion value meeting with the soliton 
condition and the second sections having an average 
value of the wavelength dispersion smaller than the 
dispersion value meeting with the soliton condition 
are alternatively allocated in the optical fiber 
transmission line, so that the average value of the 
wavelength dispersion of the entire length of the 
optical fiber transmission line assumes a positive 
value. 

Digital information is transmitted using 
return-to-zero modulation. 
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OPTICAL OOM?»lUNICATION SYSTEM 
The present invention relates to transmission systems using optical fibers, 
and core particularly, to an optical coctnunication system including a plurality 
of optical amplifiers for transmitting optical soliton pulses. 
5 In optical fiber coununication technique, ultra-long distance systems are 

now developing on the base of a high-pace progress of the optical amplification 
technique, so that an optical transmission system over the Pacific Ocean can 
be realized without using any regenerative repeater. However , communication 
soeed and capacity of the conventional optical communication system are limited 
10 since the transmission performance is degraded due to the wavelength 

dispersion characteristic and the nonlinear optical effect, as the ccGtnunication 
speed becomes high. An optical soliton coununication system has been closed 
up as a system capable of eliminating the limitation caused by the wavelength 
dispersion characteristic and the nonlinear optical effect. This optical 
15 soliton communication system is positively using the wavelength dispersion 
characteristic and the ncr.iinear optical effect, which are factors of the 
degradation of the transmission characteristic. The optical soliton pulses 
can be transmitted without deformation of the pulse shapes since the expansion 
of the pulse width due to the wavelength dispersion of the fiber is balanced with 
20 the reduction of the pulse width due to the nonlinear effect of the fiber. The 
optical ccamunication system using .such optical soliton pulses are now research- 
ed to realize a useful cannunication system because of many advantages, such as 
capability of large capacity, easiness of multiplexing and no additional deterio- 
ration by the nonlinearity of the optical fiber in comparison with a convention- 
25 al optical communication system. In order to realize an ideal operation of 
the optical soliton pulses, it is essential that the optical fiber has no 
loss and the wavelength dispersion D and the soliton peak power P . <> . meet with 
the following equation (See a literature:L.F.Mollenauer et al., Journal of Light- 
wave Technology , Vol . 9 , ppl9U-197 , 1991 ) : 




X 3 A . i f D 

p. 0 . =0.77 <>> 

7i 2 c n 2 r 2 

In this Equation (1), A is the wavelength of the optical signal; A the 
5 effective area of an optical fiber; c the light speed; n 2 the nonlinear coeffi- 
cient of the. optical fiber; r the full width of the half maximum of the optical 
soli ton pulse. 

An actual optical fiber has the loss. Theref ore, even if the peak power 
of the optical pulse and the wavelength dispersion are mutually balanced at the 
10 input end of the optical fiber, the effect of the wavelenth dispersion increases 
as the optical pulse transmits through the optical fiber, because the decrease 
of the peak power causes and the pulse broadening and disables the optical 
soli ton pulse operation. 

To compensate for this deterioration, a system called as a dynamic soli ton 
15 transmission was proposed for a long-distance pulse optical soliton pulse transm 
ission system(See: M.Nakazawa et al, IEE2 Journal of Quantum Electronics, Vol.26 
,pp2095 -2102, 1990), in which optical power loss is compensated for by the 
optical amplifiers and the peak power of the optical pulses at the input end of 
each optical fiber is reset to a value a little more than the power defined by 
20 each Equation (1). 

In the dynamic soliton transmission system, the optical pulse width is 
compressed due to the effect of the nonlinearity of the optical fiber caused by 
the high peak power of the optical pulses at the initial portion of the optical 
transmission. However, at the end portion of the optical transmission where 
25 the power of the optical pulses are attenuated by the loss of the optical fibers, 
the pulse width is broadened by the effect of the wavelength dispersion of the 
optical fiber. To compensate for this pulse broadening, an optical amplifier 
can be inserted at a position where the pulse width is returned to the 
initial value so that the optical soliton pulse operation can be maintained in 
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Jne optical transmission system. In this case, it is required that a section- 
average power meets with the condition defined in Equation (1). In Fig -6, the 
relationship between the optical pulse width and the optical pulse peak 
power is described. 

5 . The wavelength dispersion in Equation (1) is defined as an average value 

in a transmission section, and the section length Zo is shorter than a length 
Zo defined by the following equation: 

*2 C r 2 

Zo = 0.322 (2) 

A 2 D 

10 In this Equatuion (2), D is an average value of the wavelength dispersion of the 
optical fiber of the transmission section; a the wavelength of the optical 
signal; c the light speed; r the full width of the half maximum of an optical 
soliton pulse. A length Zo defined by Equation (2) is ususually called as 
"soli ton period". If the average value of the wavelength dispersion D of the 

.15 optical fiber of the transmission section meets with the condition defined in Equ- 
ation (1) and the section length Zo is sufficiently shorter than the solitcn 
period Zo, then the optical soliton pulse transmission can be performed. 

In the dynamic soliton pulse transmission, the peak power of the optical 
soliton pulse is controlled so as to mutually equalize the pulse widths at the 

20 input end and the output end of the optical fiber, which are connected between 
adajcht two of the optical amplifiers. In this case, the average value of the 
wavelength dispersion should be maintained for each span of the optical fiber. 

However, from the viewpoint of manufacturing deviation of the optical 
fiber, it is impassible to maintain the average value of the wavelength 

25 dispersion for each span of 30 Km to 50 Km in an ultra-long distance optical 
coiounication system, such as the Trans-Pacific System. 

An object of the present invention is to provide a practical optical 
carniunication system in place of the conventional dynamic soliton transmission. 
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According to the present invention, there is provided 
an cotical communication system comprising : 

an optical transmission terminal station for transmitting return-to-zero 
optical pulses including digital information ; 
5 an optical receiving terminal station for receiving the return-to-zero 

optical pulses; 

an optical fiber connected across the optical transmission terminal station 
and the optical receiving terminal station; and 

a plurality of optical amplifier repeaters inserted in the optical 
10 fiber for compensating for the loss of the optical fiber transmission line; 
said optical fiber and said plurality of optical amplifier repeaters 
forming an optical fiber transmission line; 

an average value of wavelength dispersion on the entire length of the 
optical fiber transmission line being, a positive value capable of compensating 
15 for the pulse compression effect and the pulse expansion effect on the optical 
pulses applied to the optical receiving terminal station; 

first sections and second sections being alternately allocated in the 
optical fiber transmission line; 

each of said first .sections having an average value of the wavelength 
20 dispersion relatively larger than said average value of the wavelength disper- 
sion on the entire length of the optical fiber transmission line; 

each of said second sections having an average value of the wavelength 
dispersion relatively smaller than said average value of the wavelength disper- 
sion on the entire length of the optical fiber transmission line. 
25 In the optical transmission system of the present invention, the transmis- 

sion of the optical soliton pulses is controlled by controlling the wavelength 
dispersion of the optical fiber transmission line for each long section includ- 
ing a plurality of optical amplifier repeaters. In this case, the first sections 
having an average value of the wavelength dispersion larger than the dispersion 
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value meeting with the soliton condition and the second 
sections having an average value of the wavelength 
dispersion smaller than the dispersion value meeting with 
5 the soliton condition are alternatively allocated in the 

optical fiber transmission line, so that the average value 
of the wavelength dispersion of the entire length of the 
optical fiber transmission line assumes a positive value* 
Embodiments of the present invention will be described 
10 by way of example with reference to accompanying drawings, 

in which: 

Fig- 1 is a connection diagram illustrating an optical 
fiber transmission line employed in an embodiment of the 
present invention ; 
15 Fig. 2 illustrates waveform diagrams explanatory of 

control operation of soliton pulses in an optical fiber 
transmission line of an embodiment of the present 
invention; 

Figs, 3A and 3B are waveform diagrams illustrating 
20 optical pulse waveforms transmitted in the optical fiber 

transmission line of an embodiment of the present 
invention; 

Fig* 4 is a connection diagram illustrating an 
embodiment of the present invention; 
25 Fig* 5 is a characteristic diagram illustrating 

section wavelength dispersion values in the optical fiber 
transmission system according to an embodiment of the 
present invention; and 

Fig. 6 illustrates waveform diagrams explanatory of 
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control operations of soliton pulses in a convention 
optical fiber transmission line. 

With reference to Fig. 1, an optical transmission 
5 system of an embodiment of the present invention comprises 

an optical soliton transmission terminal station 1, an 
optical fiber 2, optical amplifier repeaters 3 for 
compensating for the loss of the optical fiber transmission 
line 2, and an optical soliton receiving terminal 
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.station ti. The optical fiber 2 and the optical amplifiers 3 form an optical 
fiber coon; iunication line. The optical fiber transmission line 2 comprises 
first sections 6 each having a relatively larger wavelength dispersion value and 
second sections 5 each having a relatively smaller wavelength dispersion value. 

Fig. 2 shows variations ,in ordinate, of the wavelength dispersion value of 
the optical fiber, the optical pulse width and the peak power of the optical 
pulse , while the abscissa is a distance on the optical fiber from the trans- 
mission terminal station. 

The waveform of each transmitted optical pulse is a sech 2 waveform essential 
for the optical soliton transmission. The average value of the waveform disper- 
sion for the entire optical transmission line is a positive value, which can 
be compensated for pulse compression caused by Kerr Effect (nonlinear optical 
effect ) of the optical fiber. Moreover, the first sections each having a 
relatively larger wavelength dispersion value and the second sections each having 
15 a relatively smaller wavelength dispersion value are alternately allocated, so 
that the average value of the waveform dispersion for the entire optical trans- 
mission line is established to meet with the condition where the pulse width of 
the transmitted optical pulse and the regenerated output of each optical ampli- 
fier repeater meet with the optical soliton condition in a macro sense. In one 
20 of the second sections each having a relatively smaller wavelength dispersion 
value, the nonlinear optical effect is mainly effective so that the optical 
pulses are slightly compressed in a macro sense. 

In each fiber section between two optical amplifier repeaters, optical 
pulses injected to fiber section are pulse-compressed at the begining of trans- 
25 mission by mainly effective nonlinear optical effect but the nonlinear optical 
effect is lowered due to light power attenuation as the optical pulses transmit 
through the fiber section, so the the optical pulses are expanding a little by 
main effect of waveform dispersion in place of pulse compression or monotonously 
compressed . In any case, the optical pulses transmit through the fiber 
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section under compression on an average. Tnerefcre, the first section 6 
having a IsrgeP wavelength dispersion vslue is connected. In this section 6, 
navelength dispersion is rainly effective, so that pulse ccnpression and pulse 
expansion are repeated in macro sense while the pulses are expanded in an 
5 average until the transmitted optical pulse is returned to the same pulse width 
as that of the injected optical pulse. 

In the present invention, it is not necessary to restrictively control the 
wavelength dispersion value for each optical amplifier repeaters 3- Moreover, 
the length of the first section having a relatively larger wavelength dispersion 
10 value is not necessarily equal to the length of the second section having a 
relatively smaller wavelength dispersion value. Furthenrore, allocation order 
of the first section and the second section can be optionally selected. As 
shown in Fig-3A, the pulse width (width of half maximum: about *iO ps) of a 
pulse transmitted through the first section having a relatively larger wave- 
15 length dispersion value is expanded a little in comparison with that of an 
injected optical pulse. Fig. 33 shows a waveform of an optical pulse 

transmitted further through the second section having a relatively small wave- 
length dispersion value. The pulse width shown in Fig-3B is narrower than 
that shown in Fig.3A. It is understood that pulse control by average wave- 
20 length dispersion control can be performed in accordance with the present 

invention' without strict wavelength dispersion control for each optical ampli- 
fier repeater in conventional dynamic spliton. transmission. 

With reference to Fig.il, an embodiment of the present invention comprises 
the optical soliton transmission terminal station 1, the optical fiber 2, the 
25 optical amplifier repeaters 3 and the optical soliton receiving terminal station 
U. The optical fiber 2 and the optical amplifiers form an optical fiber 
cooraunication liner. Short optical pulses of oscillation wavelength 1.558 

microns transmitted from the optical transmission terminal station 1 is modula- 
lated by a pseudo-random pattern at a transmission rate of 5 Giga-bits/second . 



fhe optical amplifier repeaters 3 are allocated to a span of about 33 kilo- 
meters. The output power of each one of the optical amplifier repeaters 3 is 
set to a value of -U dBn with a transmitting pulse width of 35ps, while the 
average value of wavelength dispersion on the entire length 3000 kilo-meters of 

5 the optical fiber transmission line is set to a value of +0.U ps/km/nm to meet 
substantially with the soli ton transmission line comprises seventeen sections of 
different lengths, in which first sections having an average value of wavelength 
dispersion relatively larger than that of the entire length of the optical 
fiber transmission line and second sections having an average value of 

10 wavelength dispersion relatively smaller than that of the entire length of the 
optical fiber transmission line are alternately allocated. 

Second lengths and the section average wavelength dispersion values are 
shown on Table 1 , while a part thereof is illustrated in Fig. 5- 
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Table 1 



Cfi^t i on No - 


Section Length(km) 


Average Dispersion 
Value (ps/km/nm) 


\ 1 ) 




-0.0U3 




33 


+2. U5 


(3) 


oq 


-0.37 


f)\\ 


66 


+2.36 


(5) 




-0.86 




66 


+2.27 


\ i J 


U29 


-0.076 


\vj 


66 


+2.06 


(9) 


297 


-0.068 


(10) 


33 


+3-85 


(11) 


U62 


-0.0U3 


02) 


33 


+2.il5 


(13) 


2U7 


-0.079 


OH) 


33 


+1.82 


(15) 


U62 


-0.037 


(16) 


33 


+3-22 


(17) 


1H6 


-0.003 
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Resarkable e>pansion or compression is not obssred on received waveforms 
rter transmitting through the optical fiber transmission line of 3000 kilo- 
meters, and good transmission performance, such as a low error rate less than 
10 'o i S achieved. It is therefore ascertained that optical soliton transmis- 
5 sion can be stably accomplished in accordance with the present invention. 

As mentioned above, stable optical soliton transmission is performed in 
this enbodimsnt by controlling the wavelength dispersion value in view of an 
average of the wavelength dispersion value for a relatively long section, 
while the wavelength dispersion value is not controlled to be mutually 
10 equalized at the output of each one of the optical amplifier repeaters 3 as 
conventional dynamic soliton transmission. 

In the present embodiment, the soliton transmission system has allocation 
order in which the second section having a relatively smaller average wavelength 
dispersion value and the first section having a relatively larger wavelength 
15 dispersion value are allocated in this order. However, this allocation 
order can be reversed. 

The optical fiber transmission line can be formed by only a dispersion- 
shifted optical fiber having a zero-dispersion wavelength of about 1.55 microns 
or by including halfway conventional single-mode optical fiber (of zero disper- 
20 sion wavelength: 1.3 microns) having a relatively larger wavelength dispersion. 
The average wavelength dispersion value can be adjusted by insert- 
connecting, in optical fiber or an amplifier repeater, dispersion media which 
is embodied to obtain a positive wavelength dispersion by the Use of a 
conventional single-mode fiber etc. 
25 As mentioned above, while high precision is required to each one of 

the optical amplifier repeaters and the optical fiber transmisssion line in 
the conventional dymanic soliton transmission because optical soliton pulses are 
controlled for each one of the optical amplifier repeaters in conventional 
technique. However, the system of the present invention is possible to 
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conr-ensste for manufacturing deviation of the optical fiber by controlling 
the allocation of sections of the optical fibers since the optical soli ton pul 
transmission i S controlled in a lunp for a plurality of fiber sections. 
Respective repeating sections of the wavelength dispersion values have more 

5 freedom of the design so that a stable optical trnsmission system can be 
constructed in accordance with the present invention. Therefore, the 
optical communication system of the present invention has a wider allowance 
for deviations of the wavelength dispersion value of the optical fiber and 
has remarkable merits for realizing a practical optical soliton transmission 

10 system. 
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CLAIMS 

1 . An optical communication system comprising 



an optical transmission terminal station for transmitting return-to-zero 
optical pulses including digital information; 

an optical receiving terminal station for receiving the return-to-zero 

optical pulses; 

an optical fiber connected across the optical transmission terminal station 
and the optical receiving terminal station; and 

a plurality of optical amplifier repeaters inserted in the optical 
fiber for compensating for the loss of the optical fiber transmission line; 

said optical fiber and said plurality of optical amplifier repeaters 
forming an optical fiber transmission line; 

an average value of wavelength dispersion on the entire length of the 
optical fiber transmission line being a positive value capable of compensating 
for the pulse compression effect and the pulse expansion effect on the optical 
pulses applied to the optical receiving terminal station; 

first sections and second sections being alternately allocated in the 
optical fiber transmission line; 

each of said first sections having an average value of the wavelength 
dispersion relatively larger than said average value of the wavelength disper- 
sion on the entire length of the optical fiber transmission line; 

each of said second sections having an average value of the wavelength 
dispersion relatively smaller than said average value of the wavelength disper- 
sion on the entire length of the optical fiber transmission line. 



2. An optical connunication system substantially as herein 
reference to the accompanying drawings. 
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